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Description 
Domestic Wastewater Treatment System 

Background of Invention 

[0001] PRIORITY CLAIM 

[0002] This application claims priority from U.S. Provisional 

Patent Application No. 60/319,570 filed August 23, 2002. 
[0003] FIELD OF INVENTION 

[0004] This invention relates to a method for the treatment of 

domestic wastewater that does not require multiple tanks 

or transmission of the wastewater to a central treatment 

facility. 
Summary of Invention 

[0005] Ti^e inventive method relates to treating domestic 

wastewater, on site, in a multi-step process which re- 
places the use of the traditional septic tank while provid- 
ing, and conserving, water which can be re-used for non- 
potable purposes. The disclosed method is applicable to 
any facility that produces "domestic" wastewater and is 



not limited to residential homes. The inventive method is 
equally suited for use in boats, recreational vehicles, ho- 
tels, resorts, clubs, rest areas, apartment complexes, and 
the like. 

[0006] In practice, the treatment of the wastewater is achieved in 
4 steps. In the first step (Aerobic Step) the wastewater be- 
gins in a storage tank and enters a mixing loop, where it 
is mixed with air, or oxygen, thus ensuring that the bac- 
teria remain in contact with the column of wastewater. 
The mixing loop can be any device that allows the intro- 
duction of a gas, here oxygen or air, and provides for the 
gas to be dissolved in water. Examples include a venturi 
followed by a static mixer or a simple bubble-diffuser and 
contact column. The water then reenters the holding 
tankThe process whereby the organic nitrogen present in 
the wastewater is converted into nitrite and nitrate is de- 
lineated in Fig. 11. Organic nitrogen combines with hy- 
drogen to form to form ammonia and ammonium ions 10. 
These two elements are in constant flux, and continue to 
change states. In the presence of water, 20, beneficial 
bacteria, such as Nitrosomonas, convert the ammonia and 
ammonium ions to Nitrites (N02). Finally, another strain 
of bacteria, such as Nitrobacter, convert the Nitrite (N02) to 



Nitrate ( N03), 30. 

[0007] The second step (Anaerobic Step) is a continuation of the 
biological filtration and is acliieved anaerobically. The 
wastewater is passed through the same mixing loop but 
with without exposure to oxygen. It is in this step that the 
Nitrate-Nitrogen produced in the aerobic phase is reduced 
into Nitrogen and Nitrogen-oxide gases, which are re- 
leased from the wastewater. After passing through the 
mixing loop the wastewater reenters the holding tank. 

[0008] The anaerobic phase is illustrated in Fig. 12. Nitrate and 
Nitrite 10, through microbial action, react with a reduc- 
tase, any catalyst which will begin the reaction, to Nitric 
Oxide (NO), 20. Subsequently the Nitric Oxide is con- 
verted to Nitrous Oxide (N20), 30, and is finally reduced 
to atmospheric Nitrogen (N2), 40. 

[0009] The third step is the settling step. The wastewater remains 
in the holding tank while the mixing loop operation is dis- 
continued. The settling phase allows the bacteria, or 
biomass, to settle to the bottom of the tank creating a 
clarified supernatant water stratum. 

[0010] The final step (Discharge Step) consists of disinfecting the 
supernatant water by injection it with ozone. If necessary 
the water can passed through a filter before being in- 



jected. Once the bacteria in tlie water are deactivated by 
the ozone exposure, the water is discharged for storage 
or use. 

Brief Description of Drawings 

[0011] For a fuller understanding of the nature and objects of the 
invention, reference should be made to the following de- 
tailed description, taken in connection with the accompa- 
nying drawings, in which: 

[0012] FIG. 1 is a diagrammatic view of the method according to 
the invention. 

[0013] FIG .2 is a diagrammatic view of the method comprising 
the aerobic and anaerobic biological steps where a venturi 
and static mixer are the constituent elements of the mix- 
ing block. 

[0014] FIG. 3 is a diagrammatic view of the construction, and op- 
eration, of the venturi and static mixer as elements of the 
mixing block. 

[0015] FIG. 4 is a diagrammatic view of the operation of a venturi. 

[0016] FIG. 5 is a diagrammatic view of the method comprising 
the settling and disinfecting steps where a venturi and 
static mixer are the constituent elements of the ozonation 
block. 



[0017] PIC 6 is a diagrammatic view of tlie construction, and op- 
eration, of tlie venturi and static mixer as elements of the 
ozonation block. 

[0018] FIG. 7 is a diagrammatic view of the method comprising 

the aerobic and anaerobic biological steps where a contact 
column and gas diffuser are the constituent elements of 
the mixing block. 

[0019] FIG. 8 is a diagrammatic view of the construction, and op- 
eration, of the contact column and gas diffuser as ele- 
ments of the mixing block. 

[0020] FIG. 9 is a diagrammatic view of the method comprising 
the settling and disinfecting steps where the contact col- 
umn and gas diffuser are the constituent elements of the 
ozonation block. 

[0021] FIG. 10 is a diagrammatic view of the construction, and 
operation, the contact column and gas diffuser as ele- 
ments of the ozonation block. 

[0022] FIG. 11 is a diagrammatic view of the aerobic biologic 

process whereby organic nitrogen is converted to Nitrate 
and Nitrite. 

[0023] FIG. 12 is a diagrammatic representation of the process 
whereby Nitrate and Nitrite are reduced to atmospheric 
nitrogen. 



Detailed Description 



[0024] An embodiment of the invention is based on carrying out 
all the steps of treating domestic wastewater in one tank 
by using a controller that operates via timers and relays or 
by a programmable logic controller. The purpose of the 
controller is to govern the sequence and duration of each 
of the steps. For example:Step l.Aerobic biological step 
for 4.0 hoursStep Z.Anaerobic biological step for 5.5 
hoursStep 3. Settling step for 1.5 hoursStep 4. Disinfection 
and discharge for re-use or storage 0.5 hoursTurning now 
to Fig. 1, the wastewater enters the treatment tank 
through pipe 10. The controller 20, which is connected to 
tank 30, will detect the wastewater and start the aerobic 
biological step. It is well established that for the bacteria 
to decompose and degrade the biochemical oxygen de- 
mand, BOD, in the wastewater, it has to be in direct con- 
tact with the wastewater. Therefore, mixing the content of 
tank 30 during the aerobic biological step is essential. 
Since this step is aerobic, air or oxygen is introduced in 
the mixing loop. The mixing loop starts in the treatment 
30, the wastewater goes through pipe 40, then through 
the mixing block 50, through return pipe 60, and back to 
tank 30. The mixing block, 50, is a system for the intro- 



duction and dissolving tlie air or oxygen required for the 
aerobic biological step. Mixing block 50 could be a venturi 
followed by a static mixer, a simple a bubble-diffuser and 
contact column or any device in the market capable of in- 
troducing a gas and dissolving it in water. The air or oxy- 
gen is introduced through line 70 from a source that is 
not shown. 

[0025] As mentioned above, the sequence and duration of each 

step is controlled through the controller 20. The controller 
could be as simple as a timer coupled with relays to initi- 
ate and terminate certain function at a certain time inter- 
val, or as complicated as a programmable logic controller 
that must be programmed by the user. The wastewater in 
the aerobic step is treated for a predetermined length of 
time, as set by the controller, during which air or oxygen 
is fed through line 70. 

[0026] The aerobic step results in the reduction of the BOD, con- 
version of Organic-Nitrogen into Ammonia-Nitrogen, 
conversion of Ammonia-Nitrogen into Nitrate-Nitrogen 
and ultimately into Nitrate-Nitrogen, conversion of Or- 
ganic-Phosphorous into soluble Phosphate-Phosphorous, 
reduction of Phosphate-Phosphorous, and creation of a 
rapidly-settling biomass. 



[0027] After the aerobic step is completed tlie controller will ini- 
tiate the anaerobic step. Although air or oxygen is not re- 
quired during the anoxic biological step, the wastewater 
should continue to go through the loop to keep the bacte- 
ria in uniform contact with the wastewater. This step is 
essentially the same as the previous step with the excep- 
tion that air or oxygen is cut-off. The duration of this step 
is also controlled by the user. However, it is generally 
longer than the aerobic step. 

[0028] It is always required to follow the aerobic step with an 
anoxic step in order to eliminate the Nitrate-Nitrogen 
present in the wastewater. The bacteria present in the wa- 
ter column will utilize the oxygen present in the Nitrate- 
Nitrogen, since during this step air, or oxygen, is not fed 
through the mixing loop. The result is the conversion of 
the Nitrate-Nitrogen to Nitrogen and Nitrogen oxide 
Gases that will be released from the wastewater. As a re- 
sult, the anoxic step continues to reduce the BOD, con- 
verts Nitrate-Nitrogen into Nitrogen gas, allows for addi- 
tional conversion of Organic-Phosphorous into soluble 
Phosphate-Phosphorous, and reduces the resulting Phos- 
phate-Phosphorous as the bacteria grow. 

[0029] Upon the completion of this step, the controller triggers 



the settling step. During this step, the mixing step is 
stopped allowing the biomass or bacteria to settle to the 
bottom of tank 30 and create clarified supernatant water. 
A minimum of 60 minutes is required for settling. A 
longer settling duration is preferable but should not ex- 
ceed 120 minutes. 

[0030] After this step the wastewater is already treated and the 
only thing that needs to be accomplished, before reuse, is 
the deactivation of the bacteria to create pathogen-free 
water. The clarified water is passed through line 80 to a 
filter if necessary (not shown), and then through an 
ozonation system 90. Ozone is provided by an ozone 
generator (not shown) and delivered through line 100. 
This system should be capable of introducing and dissolv- 
ing ozone gas into the treated water. Example of system 
90 could be as simple as a venturi followed by a static 
mixer, a bubble- diffuser with a contact column. The 
treated water is discharged through the system through 
line 110 and is ready for re-use. 

[0031] In one embodiment, as shown in Figs. 2 through 6, the 
mixing loop consists of a venturi followed by a static 
mixer. As seen in Fig. 2, wastewater enters the holding 
tank 10 at which time the controller initiates the aerobic 



biological step 20. As wastewater enters the mixing loop 
30, ambient air, or a gas containing oxygen, is channeled 
into the venturi, 40. Finally the water leaves the mixing 
loop and re-enters the holding tank 50. At this point the 
controller initiates the anaerobic biological step 60, 
wherein the process begins again, the only difference be- 
ing that the source of oxygen is cut off from the mixing 
loop. 

[0032] The construction of the venturi and static mixer. Fig. 3, 
allows for proper mixing of oxygen and bacteria in the 
water column. As wastewater enters the venturi 10, ambi- 
ent air, or a gas containing oxygen, is channeled via con- 
duit 20, connected to a gas source (not shown). After wa- 
ter passes through venturi 10, the water enters a static 
mixer 30. The mixer is shaped to churn the water as it 
passes. This facilitates mixing not only of dissolved oxy- 
gen, but also of the present bacteria. Finally the water 
leaves the mixing loop through pipe 40, and re-enters the 
holding tank. 

[0033] Fig. 4 illustrates how the flow of water, 10, is constricted 
by the walls of the venturi 20. This decrease in volume, 
and increase in velocity, causes bacteria 30, as well as 
oxygen, in the water column to come into contact with 



more water molecules. This ensures a more uniform con- 
centration of oxygen and bacteria throughout the wastew- 
ater. 

[0034] Turning to Fig. 5, the final steps of the process include the 
settling and ozonation phases. Wastewater re-enters the 
holding tank after having undergone the anaerobic bio- 
logical step, 10. The controller initiates the settling phase 
and disengages the mixing loop 20. At this point the 
biomass in the holding tank is allowed to settle, for 60 to 
120 minutes, forming a supernatant water stratum at the 
bottom of the tank 30. After sufficient time to achieve the 
precipitation of the supernatant water stratum, the con- 
troller initiates the ozonation step, 40, and begins to 
channel ozone into the ozonation block. The wastewater 
then enters the ozonation block, 50, which exists inde- 
pendently of the mixing loop. The ozonation block also 
consists of a venturi followed by a static mixer, 60. 

[0035] Fig. 6 illustrates the construction of the ozonation block, 
and its similarities to the mixing loop. As the water flow 
leaves the holding tank through pipe 10, and travels to- 
ward the venturi, 20, the gas conduit, 30, allows a flow of 
ozone, 40, rather than ambient air or oxygen, to enter the 
block. The static mixer, 50, functions in the same manner 



as the mixer in the mixing loop and churns the water ex- 
posing the present bacteria to the ozone, thus deactivat- 
ing the bacteria. The detoxified water is then discharged 
through pipe 60. 

[0036] In another embodiment, as shown in Figs. 7 through 10, 
the mixing loop consists of a contact column equipped 
with a gas diffuser. As seen in Fig. 7, wastewater enters 
the holding tank 10 at which time the controller initiates 
the aerobic biological step 20. As wastewater enters the 
mixing loop 30, ambient air, or a gas containing oxygen, 
is channeled into the contact column 40. Subsequently, 
the water leaves the mixing loop and re-enters the hold- 
ing tank 50. At this point the controller initiates the 
anaerobic biological step, 60, wherein the process begins 
again, the only difference being that the source of oxygen 
is cut off from the mixing loop. 

[0037] The presence of the gas diffuser in the contact column as 
shown in Fig. 8, allows for proper mixing of oxygen and 
bacteria in the water column. As wastewater enters the 
mixing column, ambient air, or a gas containing oxygen, 
is channeled via conduit 20, connected to a gas source 
(not shown). As the gas enters the contact column, it 
passes through a membrane 30, which diffuses the in- 



coming gas. The gas and water flow in opposite direc- 
tions, tiiis counter-current 40 results in greater distribu- 
tion of oxygen throughout the water column. The agita- 
tion of the gas diffuser also increases mixing of the nec- 
essary bacteria. The water then leaves the mixing loop 
through pipe 50, and re-enters the holding tank. 
[0038] Turning to Fig. 9, the final steps of the process include the 
settling and ozonation phases. Wastewater re-enters the 
holding tank after having undergone the anaerobic bio- 
logical step, 10. The controller initiates the settling phase 
and disengages the mixing loop 20. At this point the 
biomass in the holding tank is allowed to settle, for 60 to 
120 minutes, forming a supernatant water stratum at the 
bottom of the tank 30. After sufficient time to achieve the 
precipitation of the supernatant water stratum, the con- 
troller initiates the ozonation step, 40, and begins to 
channel ozone into the ozonation block. The wastewater 
then enters the ozonation block, 50, which exists inde- 
pendently of the mixing loop. The ozonation block also 
consists of a contact column equipped with a gas diffuser, 
60. 

[0039] Fig. 10 illustrates the construction of the ozonation block, 
and its similarities to the mixing loop. As the water flow 



leaves the holding tank through pipe 10, and enters the 
contact column, 20, the gas conduit, 30, allows a flow of 
ozone rather than ambient air or oxygen, to enter the 
block. As the ozone enters the contact column, it passes 
through a membrane, 8-40, which diffuses the incoming 
ozone. As shown in figure 8, the gas and water flow in 
opposite directions, this counter-current 50 causes 
greater distribution of oxygen throughout the water col- 
umn. The agitation of the gas diffuser also increases ex- 
posure of the necessary bacteria to the ozone. The detox- 
ified water is then discharged through pipe 60. 

[0040] It vvill be seen that the objects set forth above, and those 
made apparent from the foregoing description, are effi- 
ciently attained and since certain changes may be made in 
the above construction without departing from the scope 
of the invention, it is intended that all matters contained 
in the foregoing description or shown in the accompany- 
ing drawings shall be interpreted as illustrative and not in 
a limiting sense. 

[0041] It is also to be understood that the following claims are 
intended to cover all of the generic and specific features 
of the invention herein described, and all statements of 
the scope of the invention which, as a matter of language. 



might be said to fall therebetween. Now that the invention 
has been described, 



